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The radial artery (RA) is increasingly being used as a con-duit for coronary artery bypass grafting and has shownpromising midterm graft patency rates.1,2 A previousstudy of ours indicated that, on the basis of histopatho-
logic examination, the RA has a higher incidence of pre-existing
intimal hyperplasia, medial calcification, and atherosclerosis than
the internal thoracic artery.3 However, the findings of this study
were limited by the fact that we examined only the distal end of the
RA. Furthermore, the RAs of patients found to have severe calcifi-
cation during intraoperative exploration were not harvested and
therefore were not subjected to histopathologic study. 
In this study we used ultrasound to examine the entire length of
the RA for plaques and calcification preoperatively. Our aims were
(1) to investigate the prevalence of RA plaques, calcification, and
stenoses and (2) to identify patients with a high risk of having RA
plaques and calcification.
Patient Population 
Seventy-three patients scheduled for coronary artery bypass graft-
ing between July 1998 and May 1999 entered this study. The ultra-
sound study was performed on the day before the operation. There
was no selection of patients in relation to patient characteristics,
other than the timing of their operation. The 9 potential risk factors
for RA plaques and calcification are listed in Table 1. 
Ultrasound Examination (N = 73 Arms) 
Ultrasound examination was performed the day before the opera-
tion by one of two sonographers using an ATL (Advanced
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Technology Laboratories, Bothell, Wash), HDI (High Definition
Imaging) 5000 system with a 10-MHz compact linear array trans-
ducer. The entire length of the RA was examined for calcification
and echogenic plaques. Echogenic foci in the arterial wall with
posterior acoustic shadowing were recorded as calcification. Those
without posterior acoustic shadowing were recorded as echogenic
plaques. Stenosis was defined as a focal increase in peak systolic
velocity compared with the proximal arterial segment.
Statistical Analysis 
Nine clinical risk factors (Table 1) for RA plaques and calcification
were included in logistic regression analyses as independent vari-
ables. A forward stepwise procedure was used to identify a suitable
model. Exact logistic regression was used to fit the model to the
data after the model was identified.4 Positive RA calcification and
any RA abnormality (RA calcification or echogenic plaques) by
ultrasound were included as dependent variables. The presence of
plaques was not analyzed as a dependent variable because only 5
of 73 patients had plaques. P values and 95% confidence intervals
were reported for key results.5
Results 
RA calcification (intimal or medial calcification) was detected by
ultrasound in 24.7% (18/73) of RAs. Echogenic plaques were found
in 6.8% (5/73). The overall incidence of RA abnormality (calcifica-
tion or echogenic plaques) was 31.5%. No stenoses were detected.
The forward stepwise logistic procedure selected a model with
the clinical risk factors of age, male sex, and carotid artery disease
for RA calcification alone. Since 2 of these factors were of bor-
derline significance, the logistic regression model involving all 3
factors was fitted to the data by means of an exact procedure (age:
P = .03; sex: P = .08; carotid disease, P = .02).
The stepwise logistic regression procedure identified carotid dis-
ease and peripheral vascular disease as suitable risk factors for any
ultrasound-detected RA disease (calcification or plaque). With the
use of these 2 variables, a logistic regression was fitted to the data by
means of an exact procedure; the results are shown in Table 2. 
Discussion 
The prevalence of RA calcification and echogenic plaques as
detected by ultrasound was 25% and 7%, respectively. These fig-
ures were higher than those in a previous study of ours in which
only the distal portion of the RA was examined histopathological-
ly.3 This difference probably reflects an underestimation of disease
in our previous study because of limited tissue sampling. 
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The standard practice for determining whether a vessel is suit-
able for use as a bypass graft is to examine the RA visually and by
palpation during the operation. Usually RAs with gross calcifica-
tion are excluded. Such evaluation is subjective and is likely to
underestimate the degree of arterial disease present. In contrast,
ultrasound is a noninvasive procedure that can be performed pre-
operatively. 
A potential weakness of ultrasound is that it is unable to differ-
entiate between medial calcification (Mönckeberg’s medial sclero-
sis) and calcification in the intima. Theoretically, it is important to
distinguish between these two types of calcification because inti-
mal calcification is related to atherosclerosis and often leads to
luminal compromise. In contrast, the effect of medial calcification
on graft patency remains unknown. Further improvement in ultra-
sound imaging may enable us to distinguish medial calcification
from calcified intimal plaque. 
Age, male sex, and the presence of carotid artery disease pre-
dicted RA calcification as detected by ultrasound, whereas the risk
factors associated with any RA disease were carotid disease and
peripheral vascular disease. Note that some of these associations
are of borderline statistical significance (see Table 2), but these
associations involve quite large odds ratios. The estimation of
effects, however, is imprecise because of the relatively small size
of the study and the wide confidence intervals. 
Is it worth screening the RA in all patients before RA harvest-
ing? In our opinion, RA screening by ultrasound improves the graft
selection process and may potentially improve graft patency by
avoiding the use of diseased arteries. An immediate advantage to
patients is the avoidance of unnecessary forearm surgery. Another
benefit of ultrasound is that it can also be used to preoperatively
assess the collateral circulation of the hand. It is also useful for
identifying anatomic variations (eg, bifurcation and diameter of the
RA), as well as previous traumatic injury to the RA due to, for
instance, previous catheterization. Furthermore, the procedure is
quick, easy to perform, and noninvasive. Therefore, we recom-
mend performing RA screening in all patients if possible, but espe-
cially in those with carotid and peripheral vascular disease. 
To our knowledge, this is the first study to document the preva-
lence of RA calcification as determined by ultrasound and to iden-
tify the risk factors for RA calcification and abnormalities. Our
findings suggest that the prevalence of RA calcification and
plaques is relatively high in patients needing coronary artery
bypass grafting. We found that older or male patients or those with
carotid artery disease are at a high risk for RA calcification alone;
those who have carotid disease or peripheral vascular disease tend
to have a higher risk of any RA abnormality. Care should be taken
when using the RA in such patients.
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TABLE 1. Clinical risk factors (n = 73)
Age (y)
Range 40-85
Mean ± SD 67.1 ± 9.8
Sex
Male 60 (82.2%)
Female 13 (17.8%)
Smoking history
Never smoked 16 (21.9%)
Previous 50 (68.5%)
Current 7 (9.6%)
Diabetes
None 51 (69.9%)
Diet control 3 (4.1%)
Oral hypoglycemic drugs 13 (17.8%)
Insulin injection 6 (8.2%)
Hypertension 43 (58.9%)
Carotid disease 19 (26.0%)
Peripheral vascular disease 23 (31.5%)
Cerebrovascular disease 11 (10%)
Hypercholesterolemia 53 (48.2%)
TABLE 2. Results of exact logistic regression analysis of
dependent variables for RA calcification and echogenic
plaques
P value Odds ratio 95% CI
Peripheral vascular disease .05 3.6 1.0-13
Carotid disease .08 3.3 0.9-13
CI, Confidence intervals.
